Introduction {#S0001}
============

Keratoconus (OMIM 148300) is a corneal pathology showing progressive noninflammatory corneal thinning, which can result in profound visual disability. Keratoconus prevalence rates show marked variation through studies, geographic areas and ethnic groups, falling in the range between 0.0002% and 2.34%.[@CIT0001] The definitive etiological mechanism of keratoconus remains unclear, but the pathogenesis is believed to be multifactorial, involving the interplay of variable genetic and environmental factors. Twin and family studies supply profound evidence of the genetic role in keratoconus development. Keratoconus prevalence among keratoconus cases relatives is higher than the general population,[@CIT0002],[@CIT0003] and the concordance rate for keratoconus is high in monozygotic twins.[@CIT0004]

Linkage analysis allowed to identify the association between keratoconus and several genetic loci, with special emphasis on 20p11.21, harboring the visual system homeobox 1 (*VSX1*) gene. Although multiple studies recognized *VSX1* mutations as a possible candidate gene for keratoconus in various ethnic groups,[@CIT0005]--[@CIT0012] numerous studies found *VSX1* mutations to be nonspecific for the disease,[@CIT0013]--[@CIT0017] suggesting that *VSX1* mutations may play a minor effect, with other genetic factors having a more powerful role in keratoconus development. Besides *VSX1*, multiple candidate genes were investigated, including secreted protein acidic and rich in cysteine abbreviation of the genes, superoxide dismutase 1 (SOD1),[@CIT0011],[@CIT0018] human leukocyte antigen (HLA),[@CIT0019] mitochondrial complex I genes,[@CIT0020] lipoxygenase,[@CIT0021] transforming growth factor, beta 1 (TGF-β1),[@CIT0022] and collagen type IV, alpha 3 and collagen type IV, alpha four.[@CIT0023] However, different population and ethnic groups\' studies failed to identify associations with these candidate genes.[@CIT0011]--[@CIT0013],[@CIT0024]

Interleukin (IL)-1 is a proinflammatory cytokine inducing chemokines and cytokines production and playing a key role in the inflammatory processes. IL-1 contributes to multiple cellular activities, including cell differentiation, proliferation, and cellular apoptosis. IL-1 comprises IL-1 receptor antagonist (IL-1Ra) and two proinflammatory cytokines (IL-1α and IL-1β), encoded by *IL1RN, IL1A*, and *IL1B*, respectively, comprising a cluster that spans 360 kb on chromosome 2q14. Recently, Takenori et al studied the correlation between *IL1A* and *IL1B* polymorphisms with keratoconus in a Japanese population and stated that *IL1B* promoter polymorphisms rs1143627 and rs16944 showed statistically significant association with keratoconus development risk.[@CIT0025] However, replication studies are lacking in groups of different ethnicities.

The aim of the current study was to explore whether *IL1B* promoter polymorphisms are associated with keratoconus in an Egyptian population and their correlation with disease severity.

Methods {#S0002}
=======

The study adhered to the Declaration of Helsinki guidelines and was approved by the Ethics committees of the Faculty of Medicine and the Medical Research Institute, University of Alexandria. Details of the current study were highlighted to all participants and written informed consents were collected before the start of the study.

We enrolled 95 unrelated Egyptian keratoconus patients and 126 unrelated healthy Egyptian, age- and sex-matched controls without any control disease, at Department of Ophthalmology, Faculty of Medicine, University of Alexandria, Egypt. In case of contact lens wear, both cases and controls were instructed to discontinue their contact lenses at least 1 week before undergoing topography tests. Keratoconus diagnosis relied on biomicroscopic signs detected by slit lamp examination (BQ 900 slit lamp Haag‑Streit AG), such as stromal corneal thinning, Fleischer's ring, Munson's sign or striae of Vogt. Corneal topographic patterns ensuring keratoconus diagnosis, detected by Topographic Modeling System TMS‑5 (Tomey Corporation, Nagoya, Japan) and Allegro Oculyzer (Wavelight, GmbH, Erlangen, Germany), included corneal inferior steepening, corneal inferocentral thinning, or bowtie of asymmetric pattern and radial axes skewing. The controls were sex- and age-matched patients. Multiple pathologies have been linked to *IL1B* polymorphisms including Alzheimer\'s disease, osteomyelitis, end-stage diabetic kidney failure, stomach carcinoma, inflammatory bowel syndrome, and Parkinsonian disease. These disease states were excluded from our cases and controls.

Genomic DNA was extracted from peripheral blood samples using the QIAamp DNA Blood Mini Kit (Qiagen, Germany) per manufacturer\'s protocol. Methodology was undertaken under standard conditions to avoid DNA quality alteration. Two SNPs reportedly linked with keratoconus, 1143627 and rs16944, in *IL1B* were investigated.[@CIT0025] SNPs were genotyped applying TaqMan 5′ exonuclease assay with TaqMan primer-probe validated sets provided by Thermo Scientific (USA). Quantitative polymerase chain reaction (PCR) was undertaken in a reaction mixture of 20 μL sum volume containing 1X TaqMan Genotyping PCR Master Mix (Thermo Scientific, USA), 1 μL TaqMan genotyping assay mix (20✕) and 5 ng genomic DNA. PCR conditions were: 95°C for 10 mins, then 40 denaturation cycles at 92°C for 15 s and annealing/extension at 60°C for 1 min. The probe fluorescence signal detection was performed by Eco illumine real-time PCR (Illumina, USA).

Statistical Analysis {#S0002-S2001}
--------------------

The frequencies of alleles and genotypes were counted directly. Hardy--Weinberg equilibrium (HWE), differences in allele and genotype frequencies between cases and controls (primary outcome) and genotype--phenotype association in patients (secondary outcome) were assessed with Chi-square, Mann--Whitney and Kruskal--Wallis tests.

Results {#S0003}
=======

The present study involved 95 unrelated Egyptian patients with keratoconus and 126 unrelated healthy Egyptian age- and sex-matched controls as shown in [Table 1](#T0001){ref-type="table"}. Table 1Demographic And Clinical Criteria Of Keratoconus Cases And Healthy ControlsCases (n = 95)Control (n = 126)Test Of SignificancepAge28(18--38)30(18--38)U=5499.50.300Sex Male50(52.6%)60(47.6%)χ^2^=0.5440.461 Female45(47.4%)66(52.4%)Keratoconus Family History Negative81(85.3%)------ Positive14(14.7%)Kf (D)46(38--93)43(39.1--47.9)U=1857.0\*\<0.001\*Ks (D)49.7(40.1--98.)44.2(41--48.8)U=1063.5\*\<0.001\*Kavg (D)47.5(39.7--95.5)43.7(40.4--48.2)U=1219.0\*\<0.001\*Pachymetry Thinnest µ450(223--563)513.5(441--639)U=788.5\*\<0.001\*Spherical Equivalent (D)−5.1(−24 -- 3)−4(−12 -- 6)U=4432.5\*0.025\*Corneal Scar Negative90(94.7%)------ Positive5(5.3%)Krumeich Classification 14(4.2%)------ 257(60.0%) 318(18.9%) 416(16.8%)[^1]

Hardy--Weinberg equilibrium and allele and genotype frequencies: The two SNPs were in HWE in patient and control groups. The T allele of rs1143627 and the G allele of rs16944 were associated with an increased risk of keratoconus (p \< 0.001, odds ratio = 3.313, 4.770, respectively). The TT genotype of rs1143627 and the GG genotype of rs16944 showed strong association with increased keratoconus risk (p \< 0.001, odds ratio = 5.631, 11.478, respectively) as shown in [Table 2](#T0002){ref-type="table"}. Table 2Allelic And Genotypic Frequencies Of The Studied Single Nucleotide Polymorphisms (SNPs) In Keratoconus Cases And The Control Population, Showing Increased Keratoconus Risk Associated With T And G Alleles And TT And GG GenotypesCases (n = 95)Control (n = 126)χ^2^pOR95% CILLULrs1143627HW(χ^2^=0.382, p=0.537)HW(χ^2^=0.652, p=0.419) CC9 (9.5%)36 (28.6%)20.888\*\<0.001\*0.2520.0880.721 CT34 (35.7%)68 (53.9%)0.4710.2300.966 TT52 (54.8%)22 (17.5%)5.6312.53012.533Allele C52 (27.3%)139 (55.2%)20.329\*\<0.001\*0.3020.1780.513 T138 (72.7%)113 (44.8%)3.3131.9505.63rs16944HW(χ^2^=0.250, p=0.617)HW(χ^2^=2.694, p=0.101) AA7 (7.4%)40 (31.7%)35.326\*\<0.001\*0.1630.0530.505 AG33 (34.7%)71 (56.4%)0.4020.1960.827 GG55 (57.9%)15 (11.9%)11.4784.62728.475Allele A46 (24.2%)154 (61.1%)33.485\*\<0.001\*0.2100.1220.362 G144 (75.8%)98 (38.9%)4.7702.7658.23[^2][^3]

Genotype--phenotype correlation: The G allele of rs16944 was associated with an increase of curvature of the flattest corneal meridian Kf in keratoconus (p = 0.041) as shown in [Table 3](#T0003){ref-type="table"}. Table 3Clinical Association Of Allele Frequencies Of The Studied SNPs In Keratoconus Cases, Showing Increased Curvature Of The Flattest Corneal Meridian Associated With The G Allelers1143627Test Of Significanceprs16944Test Of SignificancepC (n = 52)T (n = 138)A (n = 46)G (n = 144)Age28(18--38)28(18--38)U=3834.00.70530(18--38)28(18--38)U=4017.50.236Sex Male32 (61.5%)67 (48.5%)χ^2^=2.7680.09625 (54.3%)74 (51.4%)χ^2^=0.1360.712 Female20 (38.5%)71 (51.5%)21 (45.7%)70 (48.6%)KC Family History Negative47 (90.4%)114 (82.6%)χ^2^=1.8750.17141 (89.1%)117 (81.2%)χ^2^=2.1070.147 Positive5 (9.6%)24 (17.4%)5 (10.9%)27 (18.8%)Kf45.8(38.9--72.8)46.2(38.8--93)U=3592.00.29045.7(38.9--72.8)46.2(38.8--93)U=3692.5\*0.041\*Ks49.6(43.4--77)50.1(40.1--98.1)U=3673.00.40649.4(40.1--77)50.7(43.4--98.1)U=3858.50.109Kavg47.2(42.9--74.9)47.8(39.7--95.5)U=3632.00.34447(39.7--74.9)48.3(42.9--95.5)U= 3820.50.088Pachymetry Thinnest454(250--517)446(223--563)U=3594.00.293454(250--563)446(223--517)U= 3765.50.064Spherical Equivalent−5(−24 -- 3)−5.3(−24 -- 3)U=3192.50.649−5.3(−24 -- 2.8)−4.9(−24--3)U=3477.00.513Corneal Scar Negative49 (94.3%)130 (94.2%)χ^2^=0.0331.00044 (95.6%)134 (93.1%)χ^2^=0.9270.516 Positive3 (5.7%)8 (5.8%)2 (4.4%)10 (6.9%)[^4]

The GG genotype of rs16944 was associated with an increase of curvature of the flattest corneal meridian (Kf), steepest corneal meridian (Ks) and average corneal curvature (Kavg) in keratoconus (p = 0.01, 0.046, 0.023, respectively) as shown in [Table 4](#T0004){ref-type="table"} and [Figure 1](#F0001){ref-type="fig"}. Table 4Clinical Association Of Genotype Frequencies Of The Studied SNPs In Keratoconus Cases, Showing Increased Corneal Curvature Associated With GG Genotypers1143627Test Of Significanceprs16944Test Of SignificancepCC (n = 9)CT (n = 34)TT (n = 52)AA (n = 7)AG (n = 33)GG (n = 55)Age27 (18--38)28.5(20--38)28(18--38)H= 0.6650.71730(18--38)31(20--38)25(18--38)H= 3.5930.166Kf46.7(43.6--72.8)45.5(38.9--61.6)46.4(38.8--93)H= 4.9810.08346.1(39.1--72.8)45.2(38.9--61.6)47.8(38.8--93)H=9.254\*0.010\*Ks51.8(44.5--77)48.7(43.4--65.6)51.2(40.1--98.1)H= 4.8790.08749.6(40.1--77)48.8(43.4--65.6)53(45.5--98.1)H=6.176\*0.046\*Kavg48.9(44.1--74.9)46.7(42.9--63.6)48.8(39.7--95.5)H= 5.5470.06247.7(39.7--74.9)46.7(42.9--63.6)50.6(44.3--95.5)H=7.539\*0.023\*Pachymetry thinnest454(250--482)453.5(296--517)444.5(223--563)H= 1.7360.420450(250--563)455(296--517)442(223--512)H=3.1780.204Spherical equivalent−5.6(−7.5 -- −2.8)−5(−24--3)−5.3(−18.8--1)H= 0.3890.823−5.3(−18.8 -- −0.8)−5.3(−24 -- 3)−4.8(−17.5--1)H=0.2060.902[^5] Figure 1Scheimpflug tomography of a keratoconus patient (Krumeich class 4), with GG rs16944 genotype.

Discussion {#S0004}
==========

The purpose of the current study was to investigate whether *IL1B* polymorphisms affect the development and severity of keratoconus in an Egyptian population. Therefore, two promoter region polymorphisms were genotyped, outlining a statistically significant association between *IL1B* promoter polymorphism rs1143627 and rs16944 and keratoconus in Egyptian population, suggesting that the *IL1B* promoter polymorphisms play a crucial role in the development of keratoconus in Egyptian patients.

The SNPs rs1143627 and rs16944 lie at *IL1B* promoter region. Since promoter sequences represent possible polymorphism sources altering genetic expression, they could profoundly contribute in *IL1B* genetic expression, playing a confound role in keratoconus development. This theory is assisted by research demonstrating that *IL1B* promoter polymorphisms can influence *IL1B* expression.[@CIT0026] The IL1-B protein was detected in human corneal endothelial, stromal fibroblast, and epithelial cells,[@CIT0027] and this protein expression has been proven to be enhanced in keratoconus corneas in comparison to normal corneas.[@CIT0028] In keratoconus corneas, keratocyte apoptosis has been speculated to play a role in the corneal thinning process,[@CIT0029] suggesting that the enhanced *IL1B* expression induced by the promoter polymorphism can result in IL1-B protein overexpression, leading to increased apoptotic activity in corneal tissue documented in keratoconus patients. Considering the noninflammatory nature in definition of keratoconus, these findings revealed that the inflammation has a role in keratoconus induction and progression, thus the definition goes under question suggesting possible revision for keratoconus definition.

This hypothesis supports the findings highlighted in the present study, where the G allele of rs16944 was linked with an increase of curvature of the flattest corneal meridian (Kf) in keratoconus (p = 0.041) and the GG genotype was associated with an increased curvature of the flattest corneal meridian (Kf), steepest corneal meridian (Ks) and average corneal curvature (Kavg) in keratoconus (p = 0.01, 0.046, 0.023, respectively).

Takenori et al studied the correlation between IL1A and IL1B polymorphisms with keratoconus in a Japanese population and stated that IL1B promoter polymorphisms rs1143627 and rs16944 showed statistically significant association with keratoconus development risk.[@CIT0025] The T allele of rs1143627 was associated with increased keratoconus risk. The C allele of rs16944 in the IL1B promoter region had a 1.33-fold increased keratoconus risk. The TT genotype of rs1143627 was weakly associated with an increased risk of keratoconus. However, no significant differences were found in the allele and genotype frequencies between the cases and controls for rs2071376 in IL1A. Regarding haplotypic diversity, the haplotype created by the T allele of rs1143627 and C allele of rs16944 was associated with a 1.72-fold increased risk of keratoconus.[@CIT0025]

Kim SH et al investigated the genetic association between unrelated Korean keratoconus patients and IL1A and IL1B. The C allele of rs16944 and the T allele of rs1143627 were associated with a significantly increased risk of keratoconus in Korean patients.[@CIT0030] However, replication studies are lacking in groups of different ethnicities.

Since keratoconus is genetically heterogeneous, detecting susceptibility genes can supply valuable information considering the etiological mechanism of this imperfectly understood pathology. In the current work, *IL1B* promoter polymorphism, rs1143627 and rs16944, showed statistically significant association with keratoconus in the Egyptian population. These findings are in concordance with previous studies in Korean and Japanese populations, highlighting that the *IL1B* promoter polymorphism plays a crucial role in keratoconus development. To our knowledge, this is the first study to demonstrate IL1B promoter polymorphism crucial role, both in development and severity of keratoconus.
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[^1]: **Notes:** Qualitative data were described using number and percent, while abnormally distributed data were expressed in median (Min--Max). \*Statistically significant at p ≤ 0.05. χ^2^, p: χ^2^ and p values for Chi-square test for comparing between the two groups. U, p: U and p values for Mann--Whitney test for comparing between the two groups.

    **Abbreviations:** Kf, flattest corneal meridian; Ks, steepest corneal meridian; Kavg, average corneal curvature; D, diopter; µ, micron.

[^2]: **Notes:** \*Statistically significant at p ≤ 0.05. χ^2^, p: χ^2^ and p values for Chi-square test for comparing between the two groups. If P \< 0.05 -- not consistent with HWE. Not accurate if \<5 individuals in any genotype group.

[^3]: **Abbreviations:** OR, odds ratio; CI, confidence interval; LL, lower limit; UL, upper Limit; HW, Hardy--Weinberg.

[^4]: **Notes:** Qualitative data were described using number and percent, while abnormally distributed data were expressed in median (Min--Max). \*Statistically significant at p ≤ 0.05. χ^2^, p: χ^2^ and p values for Chi-square test for comparing between the two groups. U, p: U and p values for Mann--Whitney test for comparing between the two groups.

[^5]: **Notes:** Qualitative data were described using number and percent, while abnormally distributed data were expressed in median (Min--Max). \*: Statistically significant at p ≤ 0.05. χ^2^, p: χ^2^ and p values for Chi-square test for comparing between the two groups. H, p: H and p values for Kruskal--Wallis test.
